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The  contributions  in  this  volume  indicate  that  research  into  the  study  of  early  agriculture  continues  to 
remain  a  flourishing  area  of  science.  We  discuss  the  contribution  of  the  volume’s  papers  and  provide  a 
review  of  how  they  add  to  our  knowledge  about  the  process  to  early  agriculture,  its  development  and 
impacts  upon  the  Holocene  landscape.  The  main  focus  of  many  of  the  papers  is  on  the  European  Neolithic 
record,  with  several  contributions  focussing  on  research  from  other  regions.  Our  understanding  of  the 
processes  happening  in  Europe  is  deepening  to  a  level  where  we  have  a  relatively  good  understanding  of 
events  at  a  regional  level  and  moving  towards  understanding  at  a  continental  level.  This  contrasts  with 
other  areas  of  the  world  where  there  is  still  considerable  need  for  intensive  primary  data  collection  and 
where  the  narrative  of  agricultural  subsistence  practices  varies  considerably.  In  some  regions,  existing 
models  of  understanding  may  not  be  fully  adequate  and  the  process  of  “agriculture”  in  these  areas  was 
likely  substantially  different  to  how  this  occurred  in  Europe  and  the  Near  East.  Indeed,  it  is  clear  that  a 
more  nuanced  understanding  of  how  we  currently  define  'agriculture'  is  necessary.  This  recognises  the 
diversity  of  agricultural  practises  that  are  evident  in  different  areas  of  the  world,  which  may  be  quite 
removed  to  what  might  be  recognisable  as  ‘agriculture’  in  places  such  as  Europe. 

It  is  evident  that  the  switch  from  hunter-gatherer  subsistence  to  agro-pastoralism  had  a  huge  effect  on 
the  Earth  system,  impacting  biodiversity,  land  cover  and  the  global  carbon  cycle.  Archaeologists  have 
much  to  contribute  towards  our  knowledge  of  these  impacts  and  the  development  of  the  modern 
‘cultural  landscape'. 

©  2014  Elsevier  Ltd.  All  rights  reserved. 


1.  Introduction 

This  volume  of  20  papers  emanates  from  two  sessions  that  were 
run  at  the  INQUA  Bern  Congress,  in  July  2011.  The  first  session  was 
convened  by  Walter  Doerfler,  Ingo  Feeser,  Wiebke  Kirleis,  Mara 
Weinelt  (Graduate  School  of  Human  Development  and  Landscapes 
and  Institute  of  Prehistoric  and  Protohistoric  Archaeology,  Kiel 
University),  and  Felix  Bittman  (Lower  Saxonian  Institute  for  His¬ 
toric  Coastal  Research,  Wilhelmshaven)  entitled  ‘Climate,  Environ¬ 
ment  and  Economy  in  the  north  and  central  European  Neolithic’, 
whilst  the  second  was  organised  by  Nicki  Whitehouse,  Chris  Hunt 
(then  Palaeoecology  Centre,  Queen's  University  Belfast),  Rob 
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Marchant  (Dept  of  the  Environment,  University  of  York),  and 
Carsten  Lemmen  (Helmholtz-Zentrum  Geesthacht)  entitled  ‘The 
world  reshaped:  mechanisms  and  impacts  of  agricultural  transitions’. 

The  research  papers  brought  together  here  operate  at  four 
different  scales:  (i)  site  specific  investigations:  (ii)  intra-site  ana¬ 
lyses:  (iii)  regional  syntheses  and  (iv)  continental  modelling 
applications  that  are  contrasted  with  regional  case  studies.  The 
modelling  approaches  have  the  potential  to  stimulate  wider 
archaeological  perspectives  on  the  practices  and  impacts  of  early 
agrarian  societies.  However,  model-based  simulations  must  be 
evaluated  and  tested  against  empirical  data  from  the  regional  case 
studies  and  syntheses.  As  syntheses  generate  larger  data  sets,  the 
scale  of  regional  and  supra-regional  human— environment  in¬ 
teractions  become  clearer.  The  importance  of  the  detailed  site  and 
intra-site  investigation  that  the  syntheses  are  based  upon,  how¬ 
ever,  remain  highly  relevant  in  generating  fundamental  knowl¬ 
edge  and  understanding.  These  site  and  intra-site  investigations 
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are  critical  to  the  over-arching  approaches  that  we  consider  to  be 
the  next  steps  in  our  understanding  of  the  diachronic  and  socio- 
spatial  changes  associated  with  this  period.  The  diverse  range  of 
papers  from  Europe  presented  in  this  volume  demonstrates  the 
importance  and  detail  afforded  by  a  range  of  spatio-temporal 
perspectives  provided  by  many  contributions  in  the  volume. 
This  contrasts  with  many  other  areas  of  the  world  (e.g.  Asia,  Af¬ 
rica,  S.  America)  where  there  is  still  considerable  need  for  inten¬ 
sive  primary  data  collection  on  the  different  scales  we  have 
highlighted  and  where  the  narrative  of  agricultural  subsistence 
practices  varies  considerably. 

In  Europe,  the  transition  between  the  Mesolithic  and  Neolithic  is 
generally  defined  by  the  occurrence  of  several  Neolithic  elements: 
the  so-called  ‘Neolithic  package’.  These  include  the  presence  of 
cereals,  animal  husbandry,  pottery,  polished  stone  axes  and  per¬ 
manent  settlements.  On-going  research,  however,  suggests  that 
there  may  have  been  a  considerable  chronological  offset  between 
the  first  occurrence  and  the  widespread  establishment  of  elements 
of  the  Neolithic  package  (Colledge  et  al.  2005).  Thus,  different  kinds 
of  transitional  processes,  trajectories  and  ecological  influences 
accompanied  the  development  and  establishment  of  early  agro- 
pastoralist  societies  throughout  the  Neolithic  and  across  different 
regions  (Tresset  and  Vigne,  2007;  Jones  et  al.  2013a;  Manning  et  al. 

2013) .  Advances  in  techniques  such  as  stable  isotope  research, 
biomolecular  archaeology  and  molecular  genetics  (Schulting  and 
Richards,  2002;  Larson  et  al.  2007;  Schulting  et  al.  2010;  Jones 
et  al.  2012;  Krause-Kyora  et  al.  2013)  are  providing  useful  insights 
onto  the  spread  of  cultivars  and  domesticated  animals  across  Eur¬ 
asia.  What  sorts  of  landscapes  and  environments  were  created  as  a 
result  of  the  transition  to  agro-pastoralism  and  what  were  the 
differing  impacts  to  the  environment?  How  did  these  transitions 
feed  back  into  determining  the  nature  of  human— environmental 
interactions?  It  is  evident  that  the  switch  from  hunter-gatherer 
subsistence  to  agro-pastoralism  had  a  huge  effect  on  the  Earth 
system,  impacting  biodiversity,  land  cover  and  the  global  carbon 
cycle  (Kaplan  et  al.  2010;  Ellis  et  al.  2013),  although  there  is  still 
debate  as  to  when  these  processes  became  critical  in  terms  of  their 
effects  (Seddon  et  al.,  2014).  However,  human— environment  in¬ 
teractions  did  not  necessarily  have  negative  effects  on  ecosystems 
and  biodiversity.  In  the  long  run,  for  instance,  woodland  openings 
and  the  establishment  of  arable  fields  in  Europe  created  many  new 
habitats  for  plants  and  animals  that  in  turn  led  to  increases  in  the 
biodiversity  of  weed  species  (Willerding,  1986),  the  creation  of 
many  iconic  cultural  European  landscapes  (Grove  and  Rackham, 
2001)  and  advantaged  many  other  taxa  such  as  saproxylic  in¬ 
vertebrates,  many  of  which  flourish  in  open  forest  habitats 
(Whitehouse  and  Smith,  2010;  Horak  et  al.  2014). 

The  transition  to  agriculture  led  to  substantial  changes  in  the 
way  humans  interacted  with  their  environment.  The  causal  factors 
behind  these  subsistence  changes  in  the  different  founder  regions 
remain  hotly  debated  and  were  influenced  by  local  and  regional 
effects  (Barker,  2006);  this  is  especially  the  case  in  terms  of  the 
choices  of  particular  crops  and  how  these  are  suited  to  given  en¬ 
vironments.  The  techniques  used  in  early  cultivation  remain  a 
matter  of  debate,  with  some  scholars  advocating  slash  and  burn 
agriculture,  whilst  others  have  argued  for  small  plot,  intensive, 
‘garden’  agriculture  (Bogaard  and  Jones,  2007;  Bogaard,  2004; 
Huisman  and  Raemaekers,  2014;  Rosch  et  al.  2014;  Saqalli  et  al. 

2014) .  It  is  important  to  remember  that  Neolithisation  did  not 
happen  at  the  same  time  for  Europe  as  a  whole  (Schier,  2009),  with 
some  areas  of  northern  Europe  significantly  delayed  in  terms  of 
their  transition  to  agriculture  (Rowley-Conwy,  2011 ;  Muller,  2011b; 
Bakker  et  al.,  2013;  Bakels,  2014),  for  reasons  that  are  not  entirely 
clear.  In  these  areas,  agriculturalists  and  hunter-gatherers  appar¬ 
ently  lived  in  close  proximity  to  each  other  (Rowley-Conwy,  2004; 


Sorensen  and  Karg,  2014),  leading  to  significant  debates  within  the 
literature  about  the  nature  of  their  interactions  (e.g.  Zvelebil,  1996, 
1998,  2005;  Rowley-Conwy,  2011).  Nevertheless,  we  now  have  a 
reasonably  good  understanding  of  the  events  in  Europe,  as  we 
discuss  below.  However,  it  is  by  no  means  certain  that  the  West 
Asian/European  transition  model  is  appropriate  globally,  particu¬ 
larly  in  the  Far  East  and  Africa,  where  there  are  very  different 
patterns  of  early  plant  use.  In  turn,  research  in  these  other  locations 
have  highlighted  problems  with  our  definitions  of  agriculturalists 
and  hunter-gatherers  that  offer  useful  lessons  for  our  under¬ 
standing  of  the  past  (cf.  Harris,  1989)  in  the  well-studied  areas  of 
Europe  and  the  Middle  East. 

The  European  concept  of  agriculture  —  both  in  terms  of  the 
process  of  ‘becoming  agricultural’  —  and  everything  this  implies  — 
as  well  as  the  definition  of  agriculture  itself,  is  not  necessarily 
transferable  to  the  tropical  parts  of  the  world.  The  process  of  sub¬ 
sistence  economy  in  different  parts  of  the  world  is  much  less  well 
understood  and  appears  to  have  followed  a  less  clear  pattern 
of  intensification  and  increasing  specialisation,  focused  on  a 
relatively  limited  set  of  cultivars  and  domesticated  animals,  as 
we  see  in  Europe.  As  several  of  our  volume  contributors  argue 
(cf.  Hunt  and  Rabett,  2014),  the  process  of  “agriculture”  in  these 
tropical  areas  was  substantially  different  and  has  led  to  a  more 
nuanced  understanding  of  how  we  define  agriculture  (Fairbairn, 
2005,  cf.  Summerhayes  et  al.  2010;  Jones  et  al.  2013b).  Even  in 
Europe,  where  the  process  of  becoming  agricultural  has  been 
studied  for  almost  a  century,  there  are  unexpected  surprises,  as  we 
discuss  below. 

Thus,  how  we  define  and  characterise  ‘agriculturalists’  and 
‘hunter-gatherers’  remains  enormously  problematic  in  many 
areas  of  the  world,  since  descriptions  often  fail  to  convey  the 
richness  and  complexity  of  subsistence  practises  (Denham,  2007). 
For  instance,  plant  exploitation  in  regions  such  as  New  Guinea 
was  hugely  varied,  both  in  the  recent  past  and  in  the  archaeo¬ 
logical  record.  Island  South-East  Asia's  inhabitants  were  active 
agents  in  the  development  of  their  early  farming  activities  and 
successfully  adopted  and  integrated  new  plants  and  husbandry 
practises  into  their  existing  subsistence  activities  (Denham,  2013). 
This  included  the  use  of  hybridised  cultivars  from  south-east  Asia, 
whilst  other  in-coming  staples  were  domesticated  within  New 
Guinea  and  surrounding  regions.  Many  trees  were  also  domesti¬ 
cated  within  this  region,  although  the  processes  and  timing 
associated  with  these  are  uncertain  (Denham,  2007).  There  are 
strong  similarities  between  the  archaeobotanical  record  of  tree 
products  from  New  Guinea  and  Australia,  yet  whilst  the  latter  are 
recognised  as  being  associated  with  ‘agriculturalists,’  in  Australia 
these  records  are  viewed  as  being  associated  with  the  activities  of 
‘hunter-gatherers’  —  because  Australian  Aborigines  have  been 
defined  as  such  (Denham,  2007,  248).  Existing  definitions  often 
drive  how  groups  are  categorised,  leading  to  interpretations  that 
might  be  at  odds  with  the  data.  These  issues  of  definition  are 
intensively  discussed  in  the  compilation  of  case  studies  brought 
together  under  the  umbrella  of  “Rethinking  agriculture”  by 
Denham  et  al.  (2009). 

2.  Transitioning  towards  agriculture  and  early  agricultural 
dynamics 

The  nature  of  agro-pastoralism  in  central,  northern  and  north¬ 
west  Europe  is  now  relatively  well  understood  and  is  particularly 
well  represented  by  papers  within  the  volume.  These  indicate  that 
it  is  now  possible  to  recognise  some  general  characteristics  sur¬ 
rounding  agriculture  and  associated  social  practices  that  are  rele¬ 
vant  to  the  early  Neolithic  as  a  whole,  whilst  recognising  the 
considerable  environmental  and  social  diversity  evident  within  the 
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records  too.  For  instance,  quantitative  reconstructions  of  the 
regional  vegetation  cover  for  Northern  Germany  and  Denmark 
using  the  REVEALS  pollen  model  of  Sugita  (2007)  shows  that  this 
region  had  a  relatively  more  open  landscape  compared  with  central 
Germany  and  eastern  Denmark  during  the  Neolithic  (Nielsen  and 
Odgaard,  2010).  Establishment  of  an  agricultural  lifestyle  is 
observable  throughout  the  region,  with  the  first  landscape  open¬ 
ings  at  around  4100  cal  BC  in  central  Europe,  followed  by  an 
intensification  of  land  use,  possibly  due  to  technical  innovation 
taking  place  about  400  yrs  later  (Rasmussen,  2005;  Dorfler  et  al. 
2012;  Feeser  et  al.  2012).  In  the  Funnel  Beaker  Culture  (FBC)  re¬ 
gion  of  the  Northern  European  Plain,  the  first  macrofossil  evidence 
for  cereal  cultivation  (cf.  Kirleis  et  al.,  2012)  coincides  with  the 
beginnings  of  a  widescale,  supra-regional  opening  of  the  landscape 
(Kirleis  and  Fischer,  2014). 

Sorensen  and  Karg  (2014),  argue  for  a  rapid  spread  of  agriculture 
from  central  Europe,  towards  Denmark  —  within  300  years 
(4000—3700  cal  BC)  —  based  on  new  radiocarbon  dates.  This  was 
prompted  by  migration  of  small  groups  of  pioneering  farmers  from 
central  Europe  that  were  settling  around  easy  accessible  inland  flint 
mines  in  regions  with  easily-worked  arable  soils.  In  contrast, 
contemporaneous  coastal  and  lake-shore  sites  in  Denmark  show  a 
gradual  establishment  of  agrarian  subsistence  by  local  commu¬ 
nities.  Sorensen  and  Karg  (2014)  thus  interpret  the  Neolithisation  of 
Denmark  as  a  complex  and  continuous  process  of  migration,  inte¬ 
gration  and  gradual  assimilation  between  pioneering  farmers  and 
local  hunter-gatherers.  Their  interpretation  is  supported  by  recent 
genetic  evidence  from  ancient  pig  bones  that  demonstrate  that 
Mesolithic  Ertebolle  hunter-gatherers  made  use  of  domestic  pigs  of 
similar  lineages  to  those  of  their  agricultural  neighbours  (Krause- 
Kyora  et  al.  2013).  This  implies  cultural  interaction  between  agri¬ 
cultural  and  hunter-gatherer  communities  in  northern  Europe, 
suggesting  a  complex  process  of  integration  and  assimilation  over 
this  period.  Further  north,  in  southern  Norway,  we  also  see  a 
gradual  transition  towards  the  beginning  of  farming,  an  event  that 
is  neither  marked  by  extreme  woodland  opening  or  by  intensive 
cereal  cultivation,  as  in  the  coastal  areas  hunting  and  gathering  still 
played  an  important  role  in  economy  (Glorstad,  2010;  Wieckowska 
et  al.,  in  press). 

This  gradual  transition  in  Scandinavia  contrasts  with  northern- 
western  Europe  where  the  start  of  agriculture  begins,  apparently 
abruptly,  about  3900—3800  cal  BC  (Whittle  et  al.  2011 ;  McClatchie 
et  al.,  2014).  This  apparent  rapid  transition  may,  however,  in  part  be 
a  product  of  the  precision  of  the  radiocarbon  method  and  the 
chronology  building  process,  rather  than  a  transition  that  might 
have  been  viewed  as  ‘abrupt’  by  the  people  involved.  Nevertheless, 
when  contrasted  with  the  timings  elsewhere  across  Europe,  the 
move  towards  agriculture  in  Britain  and  Ireland  seems  to  have  been 
more  rapid  than  in  other  areas.  Why  this  should  be  the  case,  at  this 
particular  time,  is  a  matter  that  has  not  received  particular  research 
attention.  In  Britain,  there  is  no  evidence  for  cultivars  prior  to 
4000  cal  BC,  with  only  very  limited  evidence  of  cultivation  from 
3950  to  3800  cal  BC,  and  a  marked  increase  from  3800  cal  BC 
(Brown,  2007;  Whittle  et  al.  2011).  Whittle  et  al.’s  (2011)  re- 
evaluation  of  the  British  Neolithic  suggests  a  start  between 
4050—3900  cal  BC  in  southern  England,  but  it's  really  not  until 
3800  that  there  is  good  evidence  for  major  expansion  of  farming 
across  England.  The  Neolithic  in  Scotland  and  Ireland  dates  to 
slightly  later  still;  an  abrupt  transition  towards  agriculture  in 
Ireland  is  indicated  from  3750  cal  BC  onwards  (Whitehouse  et  al., 
2014),  with  agricultural  crops  common  on  many  different  sites, 
but  particularly  at  the  early  Neolithic  rectangular  house  structures 
that  are  common  across  Ireland  at  this  time  (Smyth,  2010). 
McClatchie  et  al.  (2014)  provide  a  comprehensive  synthesis  of 
Neolithic  plant  remains  from  Ireland  via  an  analysis  of  published 


and  unpublished  ‘grey’  literature.  The  arable  weed  assemblages 
suggest  fixed-plot,  intensive  agriculture,  perhaps  akin  to  garden 
plots,  and  there  are  no  indications  of  the  use  of  a  shifting  cultivation 
regime,  in  common  with  research  from  Neolithic  Britain  (Bogaard 
and  Jones,  2007)  and  elsewhere  in  central  Europe  (cf.  Bogaard, 
2004).  Emmer  wheat  was  the  dominant  crop,  and  other  crops 
included  naked  and  hulled  barley,  naked  wheat,  einkorn  wheat  and 
flax.  The  latter  is  particularly  surprising,  as  flax  is  not  apparently 
present  in  the  contemporaneous  southern  Scandinavian  and 
northern  central  European  Neolithic  —  possibly  due  to  poor  pres¬ 
ervation  conditions  —  although  it  is  present  within  the  British 
Neolithic  record,  at  several  sites  in  England  and  Scotland  (Pelling 
and  Campbell,  2013).  Flax  may  suggest  connections  towards  the 
western  European  Neolithic,  where  it  is  seen  for  example  in 
Belgium  during  the  LBK  (Salavert,  2011 ;  Bakels,  2014). 

How  did  the  cultivation  plots  manage  to  remain  productive  over 
long  periods,  in  the  absence  of  shifting  cultivation  practises  that 
might  have  assisted  with  maintaining  crop  productivity?  Stable 
isotopes  of  cereals  have  proved  insightful  for  examining  prehistoric 
cultivation  and  manuring  practises  (cf.  Bogaard  et  al.  2007;  Fraser 
et  al.  2011).  Kanstrup  et  al.'s  (2014)  important  paper  discusses 
isotopic  compositions  (dl3C,  dl5N)  of  charred  grains  of  naked 
barley,  emmer  and  spelt  dating  to  between  the  4th  and  1st  mil¬ 
lennium  BC  from  Denmark,  as  a  proxy  for  crop  manuring.  These 
data  represent  one  of  the  most  comprehensive  investigations  of 
long-term  trends  in  dl5N  values,  inferred  to  represent  manuring 
activities,  from  charred  cereal  grains  in  Europe.  The  work  indicates 
that  manuring  was  an  important  practice  throughout  the  chrono¬ 
logical  period  under  investigation.  Changes  in  manuring  practices 
were  also  detected  across  different  crop  types,  with  long-term 
decreasing  manuring  intensity  found  with  the  cultivation  of 
emmer  (3900—500  BC),  in  contrast  to  trends  associated  with  naked 
barley  (2300  cal  BC— cal  AD  1).  Naked  barley  displays  a  distinct  and 
significant  increase  in  nitrogen  values,  perhaps  associated  with 
intensive  and  systematic  manuring  of  this  crop  during  the  Early 
Iron  age.  It  seems  evident  that  manuring  practices  were  important 
from  the  earliest  phases  of  agriculture  in  Denmark  and  that  over 
time  manuring  likely  increased,  as  agricultural  practices  intensified 
(Kanstrup  et  al.,  2014). 

Bakels  (2014)  contrasts  the  rather  late  introduction  of  crop 
growing  in  the  North-western  European  Plain  compared  with  the 
central  European  loess  belt,  where  farming  started  around  5500  cal 
BC(Kreuz,  2012;  Gronenborn  et  al.,  2014;  Salavert  et  al„  2014).  Crop 
types  are,  of  course,  influenced  by  geographical  and  climatic  con¬ 
ditions,  but  availability  and  social  aspects  also  affect  preferences 
and  decision  processes  associated  with  the  choice  of  crop  plants 
used.  We  thus  see  a  progressive  loss  of  founder  crops  as  agriculture 
spread  from  south-east  to  north-west  Europe  (Kreuz  et  al.  2005; 
Shennan  and  Conolly,  2007;  Connolly  et  al.  2008).  The  decline  in 
founder  crops  becomes  even  more  evident  into  north-west  Europe 
and  its  margins.  McClatchie  et  al.  (2014,  Fig.  7)  and  Kirleis  et  al. 
(2012,  Fig.  4)  demonstrate  the  further  loss  of  cultivar  types,  such 
as  pulses,  by  the  time  agricultural  practices  arrive  in  the  North 
European  plain,  southern  Scandinavia,  Britain  and  Ireland,  when 
compared  with  central  Europe.  This  latter  point  suggests  that  the 
availability  of  protein  from  other  sources  such  as  animals  (e.g.  via 
meat,  milk,  cheese)  may  have  been  critical  in  some  areas  of 
northern  Europe.  This  is  evidenced  via  new  research  based  on  lipids 
derived  from  pottery  vessels  (Cramp  et  al.  2014)  that  shows  that 
milk  proteins  were  important  constituents  of  the  Neolithic  diets  in 
these  areas. 

Bakels  (2014)  also  points  out  that  we  still  know  rather  little 
about  the  nature  of  fields  used  in  early  agriculture  and  that  the 
cultivation  techniques  are  not  yet  fully  understood.  Opening  of  the 
landscape,  via  forest  clearance,  must  have  been  one  pre-condition 
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for  technological  innovations  like  the  introduction  of  the  ard  and 
the  wagon.  The  latter  has  a  polycentric  origin.  For  example,  it  was 
introduced  in  the  mid  of  the  4th  millennium  BC  in  Uruk,  Meso¬ 
potamia,  in  the  northern  Pontic  region,  in  the  Hungarian  Danube 
region,  as  well  in  northern  Germany  (Bakker  et  al.,  1999; 
Schlichtherle,  2002;  Mischka,  2013).  The  associated  pronounced 
woodland  openings  and  the  stepwise  establishment  of  agriculture 
are  revealed  within  many  pollen  records.  In  particular,  those  from 
yearly  laminated  lake  sequences,  which  enable  well-resolved 
temporal  resolution  of  the  records,  are  highly  suitable  for  con¬ 
necting  with  the  archaeological  record  (Feeser  et  al.,  2012).  The 
benefits  of  such  interdisciplinary  approaches  to  pollen  and 
archaeology  are  well  demonstrated  by  the  research  programme  at 
Kiel  University  on  “Early  Monumentality  and  Social  Differentiation” 
(Muller  et  al.,  2013).  Initial  results  depict  many  changes  around 
3650  cal  BC  within  both  the  social  and  environmental  spheres, 
when  the  Funnel  Beaker  Culture  (FBC)  entered  a  “megalithic  phase” 
with  newly  emerging  burial  rituals,  whilst  changes  in  the  subsis¬ 
tence  regime  are  observed  (Muller,  2011a;  Muller  et  al.,  2013).  This 
phase  coincides  with  the  introduction  of  the  ard,  expansion  of  field 
systems  and  a  reduction  of  species  in  the  cereal  assemblage 
(Muller,  2011b;  Kirleis  and  Fischer,  2014).  At  the  end  of  the  3rd 
millennium  BC,  a  short  phase  of  woodland  regeneration  is  linked  to 
a  decline  in  human  activity  following  a  climatic  deterioration 
indicating  wetter  conditions  (Dreibrodt  et  al.,  2012).  Later  changes 
coincide  with  the  cultural  transition  towards  Single  Grave  Culture 
around  2800  cal  BC  (Feeser  et  al.,  2012). 

Relationships  between  agricultural  activities  and  population 
levels  are  explored  by  Woodbridge  et  al.  (2014b).  Using  a  pseudo- 
biomisation  approach  to  examine  land-cover  change  and  popula¬ 
tion  fluctuations  derived  from  radiocarbon  probability  density 
functions  from  Britain,  the  authors  investigate  drivers  of  landscape 
change.  Early  Neolithic  population  growth  is  evident  in  the  radio¬ 
carbon  data,  in  the  form  of  increased  probability  densities  accom¬ 
panied  by  significant  impacts  on  woodland  cover.  Between  3300 
and  2400  cal  BC,  a  reduction  in  the  probability  record  is  signalled, 
together  with  evidence  for  woodland  regeneration,  whilst  between 
2400  and  1400  cal  BC,  late  Neolithic  woodland  clearance  coincides 
with  further  population  increases,  which  continued  into  the  early 
Bronze  Age.  The  authors  consider  that  these  population  patterns 
are  likely  driven  by  endogenous  factors,  rather  than  climatic 
changes. 

Some  of  these  events  show  similarities  with  records  from 
Ireland.  Whitehouse  et  al.  (2014)  provide  a  Bayesian  re-evaluation 
of  the  chronology  of  Irish  Neolithic  agriculture.  The  authors 
outline  results  of  more  than  800  radiocarbon  dates,  of  which  187 
are  new  AMS  determinations.  Patterns  of  expansion  and  contrac¬ 
tion  of  populations  and  agricultural  activities  similar  to  Britain  are 
also  evident  (Whitehouse  et  al.,  2014),  starting  with  an  abrupt 
transition  to  agriculture  around  3750  cal  BC  and  linked  to  an 
expansion  of  Neolithic  rectangular  house  structures  (Smyth,  2010). 
Between  3300—3000  cal  BC,  they  observe  a  decline  in  settlement 
evidence  —  perhaps  related  to  a  population  decline  or  change  in 
domestic  architecture  that  coincides  with  a  period  of  afforestation 
in  the  pollen  record,  decrease  in  evidence  for  crop  growing  activ¬ 
ities  and  an  increase  in  the  frequency  of  wild  fruits  within  the  re¬ 
cord.  Hinz  et  al.  (2012)  argue  for  a  similar  population  decline  c. 
3350—3100  cal  BC  at  Funnel  Beaker  sites  in  Northern  Central 
Europe  and  Southern  Scandinavia  whilst  several  other  European 
records  suggest  a  period  of  uncertainty  (Schibler  and  Jacomet, 
2010;  Tallavaara  and  Seppa,  2012;  Crombe  and  Robinson,  2014). 
Whitehouse  et  al.  (2014)  argue  that  these  changes  in  settlement 
and  population  behaviour  in  the  Middle  Neolithic  may  be  related  to 
a  shift  towards  more  regionalised  behaviours  and  to  a  greater 
mixture  of  mobile  and  settled  existence  —  at  least  in  Ireland  and 


Britain  —  that  may  be  related  to  changing  social  relationships  as 
well  as  the  inherent  difficulties  of  crop  production  in  the  wet  cli¬ 
mates  of  northern  Europe.  A  peak  in  Irish  passage  tomb  construc¬ 
tion  at  this  time  attests  to  changing  social  and  ideological 
structures  and  the  prominence  of  certain  places  in  the  landscape 
(McLaughlin  et  al.,  submitted  for  publication).  Nevertheless,  a 
number  of  records  from  across  north-west  Europe  emphasise 
environmental  changes  between  3500/3300—3000  cal  BC,  sug¬ 
gesting  that  communities  may  have  also  have  modified  aspects  of 
behaviour  in  the  light  of  climatic  uncertainties  and  potential  diffi¬ 
culties  in  crop  production. 

However,  as  the  work  of  Lemmen  and  Wirtz  (2014)  indicates, 
although  climate  variability  may  mediate  some  cultural  factors,  it 
does  not  appear  to  trigger  or  cause  the  Neolithic  transition  in 
Europe.  Lemmen  and  Wirtz’s  (2014)  mathematical  model  simulates 
the  Early  Neolithic  transition  for  western  Eurasia  (7000—3500  cal 
BC)  on  a  super-regional  scale  to  explore  its  sensitivity  to  climate 
extremes.  A  correlation  of  regional  socio-cultural  developments 
with  climate  extremes  identified  in  palaeoecological  records  serves 
as  the  backbone  for  the  model.  High  variability  in  the  timing  of  the 
spread  of  the  Neolithic,  including  hiatus  phases  and  rapid  spreads 
are  observed.  The  integration  of  climatic  extremes  into  the  model 
improved  the  fit  of  the  model  with  data  on  the  Neolithic  transition. 
However,  from  a  statistical  point  of  view,  the  simulation  suggests 
that  climate  extremes  were  not  significant  drivers  for  the  Early 
Neolithic  transition  in  Europe.  The  authors  conclude  that  agency 
and  endogenous  socio-technological  factors  likely  dominated  past 
societal  dynamics  more  than  climate  change. 

One  way  of  exploring  the  connections  between  agricultural 
history  and  climatic  change  is  offered  by  Gronenborn  et  al.  (2014), 
who  apply  a  model  from  resilience  theory  to  archaeological  data  for 
the  Early  Neolithic  Linear  Pottery  Culture  in  west-central  Europe. 
Resilience  theory  focuses  on  the  cyclicity  of  developments  within 
ecosystems  and  the  identification  of  threshold  levels.  Here,  ceramic 
typologies  and  dendrochronological  tie  points  create  a  unifying 
archaeological  chronology  for  the  study  region.  Palaeoclimatic 
proxies  are  used  to  identify  periods  of  increased  vulnerability  and 
social  complexity  of  LBK  societies.  In  this  paper,  a  dependency  of 
LBK-societies  on  weather  conditions,  in  particular  the  varying 
amounts  of  precipitation,  are  the  main  arguments  presented  for 
explaining  population  dynamics  and  social  change.  However,  the 
LBK-chronologies  require  refinement,  with  the  14C-plateau 
(5500—5200  cal  BC)  causing  severe  problems  of  resolution.  Future 
research  on  LBK-chronologies  will  hopefully  demonstrate  the 
relevance  of  the  resilience  model.  However,  whether  resilience 
theory  is  capable  of  fully  explaining  how  human  societies  behave  is 
a  moot  point,  which  possibly  underestimates  the  effects  of  social 
action  and  cognitive  power  of  humans  versus  the  effects  of  envi¬ 
ronmental  and  climate  change. 

3.  Linking  ritual  and  domestic  spaces 

Several  papers  in  the  volume  explore  the  relationships  between 
ritual  and  subsistence  activities,  and  the  use  of  landscape  spaces  by 
early  agriculturalists.  Lee  et  al.  (2014)  explore  the  importance  of 
burials  in  maintaining  identities  and  links  across  different  groups. 
The  authors  present  the  genetic  evidence  associated  with  later 
Neolithic  agro-pastoralists  in  Germany  and  emphasise  the  lack  of 
data  associated  with  populations  that  had  already  fully  adapted  to 
the  new  agrarian  lifestyles  (3600—2200  cal  BC).  Using  four  later 
Neolithic  burial  sites  in  Germany,  they  discuss  the  genetic  evidence 
associated  with  large-scale  collective  burials  and  monumental  ar¬ 
chitecture  and  explore  the  genetic  relationships  between  the 
different  burial  groups.  The  haplotypes  suggest  that  shared  genetic 
groups  may  have  shaped  the  arrangement  of  the  deceased  within 
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later  Neolithic  agricultural  groups,  and  that  monumental  burials 
may  have  played  an  important  role  in  maintaining  common  link¬ 
ages  across  groups.  Potentially,  this  might  signify  the  development 
of  strong  identities  within  these  groups,  perhaps  the  consequence 
of  increased  importance  and  meaning  of  territoriality  and/or 
ownership  of  lands,  as  a  result  of  agricultural  activities.  Bogaard 
et  al.  (2011)  demonstrate  how  plant  husbandry  likely  played  cen¬ 
tral  roles  in  the  development  of  social  identities  in  these  early 
farming  communities;  its  probable  such  identities  strengthened 
with  increased  ties  to  the  land  and  territories  that  must  have  been 
inevitable  with  the  development  of  agriculture. 

A  comparison  between  pollen  data  and  the  distribution  of 
monuments,  settlements  and  material  culture  by  Feeser  and 
Furholt  (2014)  investigates  the  relationship  between  ritual  and 
subsistence  activities,  focussing  on  the  late  Funnel  Beaker 
(3500—2900  cal  BC)  and  Single  Grave  periods  (2900—2200  cal  BC) 
in  northern  Germany.  High  values  for  variables  relating  to  ritual 
activities  are  strongly  associated  with  anthropogenic  landscape 
clearance  during  the  megalithic  period  (3500—3100  cal  BC),  whilst 
during  the  Single  Grave  Period,  relationships  between  the  proxies 
investigated  became  more  diverse  and  complex.  In  the  eastern 
areas,  declining  burial  activities  were  accompanied  by  a  decline  in 
agricultural  and  open  pollen  indicators,  but  in  western  areas,  there 
seem  to  be  less  strong  relationships  between  agriculture  and  burial 
activities.  These  regional  differences  suggest  vaiying  local  levels  of 
intensity  and  identity  within  ritual  and  economic  spheres  over  the 
study  periods.  These  are  related  to  a  stable  socio-economic  system 
in  eastern  areas  that  was  apparently  less  open  to  the  adoption  of 
innovations  and  new  ideologies.  In  contrast,  in  the  western  areas, 
Funnel  Beaker  groups  had  apparently  less  intensive  economic  ac¬ 
tivities,  weaker  relationships  between  ritual  and  economic  activ¬ 
ities  and  were  more  open  to  ritual  innovations  emerging  after 
2900  cal  BC.  Palaeoecological  investigations  by  Sadovnik  et  al. 
(2014),  indicate  that,  generally,  burial  sites  were  isolated  from 
settlement  sites  and  centres  of  agricultural  activity,  but  were  often 
located  within  a  wooded  landscape.  Their  conclusion  is  based  on  an 
investigation  of  prehistoric  forest  use  and  human  activities  asso¬ 
ciated  with  local  megalithic  graves  at  Krahenberg,  northern 
Germany. 

The  links  between  woodland  resources  and  stone  monument 
construction  are  also  explored  by  Farrell  et  al.  (2014).  Here,  the 
authors  discuss  connections  between  deforestation  and  the 
importance  of  stone  built  monuments  in  Neolithic  Orkney.  The 
islands  have  long  been  assumed  to  have  been  essentially  treeless 
throughout  the  Holocene.  A  study  of  new  Orkadian  pollen  se¬ 
quences  and  re-evaluation  of  existing  data,  however,  suggests  that 
the  timing  of  woodland  decline  was  not  synchronous.  It  began  in 
the  Mesolithic,  but  in  some  areas  woodland  persisted  into  the 
Bronze  Age.  Farrell  et  al.  (2014)  suggest  that  a  wider  range  of 
woodland  resources  was  available  to  Neolithic  people  than  pre¬ 
viously  assumed  and  that  the  predominance  of  stone  architecture 
on  the  islands  may  not  have  been  due  to  lack  of  timber,  as  pre¬ 
viously  believed.  Indeed,  recent  archaeological  material  attests  to 
the  use  of  timber  buildings  during  the  early  Neolithic.  Farrell  et  al. 
(2014)  therefore  conclude  that  the  shift  to  stone  construction, 
from  the  use  of  timber,  in  Neolithic  Orkney  may  have  been 
influenced  by  a  combination  of  social,  cultural  and  environmental 
factors. 

The  benefit  of  interdisciplinary  work  is  demonstrated  by  Brozio 
et  al.  (2014),  who  look  at  the  study  of  domestic  and  ritual  spheres. 
Here,  deposition  practices  in  a  Middle  Neolithic  well  (c.  3050  cal 
BC),  at  Oldenburg-Dannau  LA77  (North  Germany),  from  the  FBC 
North  Group,  are  reconstructed  in  detail.  The  unusual  context  of  the 
Neolithic  well  implies  that  Middle  Neolithic  communities  in  this 
area  were  concerned  with  water  management  strategies  and 


ensuring  clean  water  supplies.  There  seems  to  have  been  a  wider 
trend  for  the  construction  of  wells,  coinciding  with  the  introduction 
of  the  ard  and  the  construction  of  megalithic  tombs  and  enclosures. 
Within  the  well  were  an  abundance  of  crop  processing  residues  and 
weed  assemblages.  These  indicate  summer  grown  crops  whilst 
perennial  taxa  suggest  crop  cultivation  made  extensive  use  of  the 
ard.  Wild  plants  such  as  crab  apple,  which  appear  to  have  been 
dried  for  later  consumption  and  other  weed  taxa  emphasise  the 
continuing  importance  of  the  use  of  wild  plants  at  this  time.  Apple 
remains  are  known  in  the  prehistoric  archaeological  record, 
including  old  apple  halves  from  several  Swiss  Neolithic  and  Bronze 
Age  sites  (Schlumbaum  et  al.  2011).  Brozio  et  al.  (2014)  argue  that 
fruit  trees  such  as  apples  were  likely  managed.  Subsequently,  the 
well  was  in-filled  with  domestic  refuse,  including  numerous 
broken  grinding  stones  and  ceramics,  perhaps  forming  an  inten¬ 
tional  process  of  ritual  destruction. 

4.  Wild  foods 

The  importance  of  wild  plants  and  animals  within  the  Neolithic 
is  an  important  theme  in  many  of  the  papers  in  the  volume.  There 
has  been  a  long-standing  debate  in  north-western  Europe  about 
whether  Neolithic  societies  were  mobile  and  whether  cereals  and 
domesticated  animals  formed  a  major  or  minor  component  of  the 
Neolithic  diet  (cf.  Thomas,  1999,  2004).  Researchers  have  stressed 
the  importance  of  wild  plants  in  Neolithic  Britain  (Moffett  et  al. 
1989),  especially  hazelnuts,  as  well  as  various  fruits  including 
wild  crab  apple,  sloe,  blackberry/raspberry,  hawthorn  and  tubers 
(Robinson,  2000)  and  that  wild  foods  are  frequently  better  repre¬ 
sented  than  cereal  grains  and  crop  waste  (Stevens  and  Fuller,  2012). 
This,  together  with  the  limited  evidence  for  house  structures  or 
settlements  at  this  time  has  led  to  an  emphasis  on  mobile  com¬ 
munities,  dependent  on  wild  resources,  rather  than  domesticated 
ones  (Thomas,  2004).  Part  of  the  issue  is  taphonomic,  as  Jones 
(2000)  has  emphasised;  cereal  remains  are  much  less  visible  in 
the  archaeological  record,  compared  with  hazelnuts  and  other  wild 
fruits  since  their  recovery  is  dependent  upon  accidental  charring 
episodes  and  are  less  noticeable  compared  with  other  macro¬ 
remains.  Several  papers  in  the  volume  highlight  the  continuing 
importance  of  wild  species  in  the  Neolithic,  but  also  that  their 
importance  is  temporally  more  complex  than  previously 
appreciated. 

McClatchie  et  al.  (2014),  for  instance,  indicates  that  whilst  wild 
plant  remains  persisted  during  the  early  stages  of  the  Irish 
Neolithic,  alongside  cereals  and  permanent  houses,  some  varieties 
(e.g.  fruits)  appear  to  have  become  more  prominent  in  records 
during  the  Middle  Neolithic.  This  means  that  wild  plants  remain 
important  alongside  cereals  during  the  early  stages  of  the  Neolithic, 
at  a  time  when  we  have  abundant  evidence  for  sedentism.  It  is 
unlikely,  therefore,  that  these  communities  were  mobile  but  clearly 
made  use  of  a  variety  of  resources,  including  wild  species.  During 
the  Middle  Neolithic,  however,  cereals  appear  less  frequently  in  the 
archaeological  record,  alongside  increases  in  some  wild  plant  re¬ 
mains,  although  as  McClatchie  et  al.  (2014)  point  out,  the  former 
could  be  taphonomically  driven.  Similarly,  Bishop  et  al.  (2009)  also 
note  the  increasing  use  of  wild  plants  in  Scotland  around  a  similar 
time,  c.  3300  cal  BC,  alongside  a  significant  increase  in  the  uti¬ 
lisation  of  barley,  a  crop  more  tolerant  of  cooler,  wetter  conditions, 
and  a  decrease  in  wheat  use  in  southern  and  north-east  Scotland. 
Bishop  et  al.  (2009)  suggest  this  may  be  due  to  responses  to 
increased  risk  of  crop  failure  and  worsening  growing  conditions  for 
wheat  during  the  later  4th  millennium  BC.  What  we  do  see, 
therefore,  is  that  wild  varieties  of  plants  were  important 
throughout  the  Neolithic,  alongside  the  use  of  cultivars,  but  that  the 
improved  chronological  modelling  associated  with  the  Neolithic 
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Irish  data  indicates  that  there  is  a  temporal  trend  to  these  findings. 
The  Scottish  work  of  Bishop  et  al.  (2009)  also  suggests  a 
geographical  pattern,  indicating  that  changes  in  crop  types  and 
uses  of  wild  plants  may  have  been,  at  least  in  part,  associated  with  a 
system  of  diversification  during  periods  of  uncertainty  of  crop 
production.  It  is  also  clear  that  varying  types  of  plants  may  have 
been  used  in  different  cultural  contexts.  Kirleis  et  al.  (2012) 
emphasise  the  importance  of  diverse  types  of  plant  assemblages 
depending  on  archaeological  context  and  site  type,  showing  that 
different  spheres  of  plant  use  (economic  and  ritual)  can  be 
observed  for  the  Funnel  Beaker  Culture  (FBC).  Here,  domestic  sites 
allow  for  insight  into  past  economy  whereas  spectra  dominated  by 
wild  plants  are  observed  at  tomb  sites.  Such  approaches  reveal  the 
uses  of  integrating  across  diverse  lines  of  archaeological  evidence 
but  also  emphasise  that  wild  plant  foods  continue  to  remain 
important  over  this  period. 

The  collection  of  wild  plants  and  especially  fruits  is  likely  to  have 
been  facilitated  as  the  woodland  landscape  opened  up  as  a  conse¬ 
quence  of  the  development  of  agriculture.  Charcoal  analyses  from 
archaeological  sites  are  an  often-overlooked  method  to  improve 
our  understanding  of  the  degree  of  woodland  openness  and 
woodland  use  in  the  past.  Salavert  et  al.  (2014)  present  local  to 
regional  scale  charcoal  analyses  from  seven  LBK-sites.  Two  stages  of 
settlement  can  be  identified  in  the  charcoal  record  for  the  LBK  in 
eastern-central  Belgium.  Initially,  LBK  groups  fragmented  the  dense 
natural  woodland  cover  and  reshaped  their  local  environments. 
They  then  established  new  habitats  that  favoured  heliophilous 
species  and  shrubs.  Whether  by  accident  or  by  design,  these  forest 
edge  habitats  served  as  ‘fruit  gardens’  to  facilitate  the  gathering  of 
semi-wild  plants  like  wild  apples  and  the  collection  of  firewood. 
Similarly,  Jansen  and  Nelle  (2014)  provide  an  insight  into  the  nature 
of  woodlands  associated  with  six  Funnel  Beaker  sites,  based  on  the 
analysis  of  wood  charcoal.  Each  site  reflects  nearby  forest  compo¬ 
sition  during  the  Neolithic,  whilst  the  impacts  of  human  activities 
on  the  landscape  are  also  evident  within  the  assemblages.  Thus,  we 
see  that  light  demanding  species  such  as  Corylus  and  Maloideae 
show  high  values,  indicating  the  opening  up  of  the  forests  by 
Neolithic  farmers  at  most  of  the  sites  studied.  Comparison  between 
wood  charcoal  and  pollen  assemblages  at  several  sites  where  these 
are  available  show  complimentary  stories  and  strengthens  in¬ 
terpretations  from  either  proxy. 

5.  Alternative  models  of  agriculture 

It  is  abundantly  clear  that  the  agricultural  transition  led  to 
substantial  changes  in  the  way  humans  interacted  with  food,  its 
procurement  and  their  environment  in  Europe.  As  we  summarise 
above,  we  now  have  a  reasonably  good  understanding  of  the  events 
in  northern  and  central  Europe.  However,  it  is  by  no  means  certain 
that  the  West  Asian/European  transition  model  is  appropriate 
globally,  particularly  in  Asia,  Africa  and  south  America  where  very 
different  patterns  have  been  observed.  As  Hunt  and  Rabbett  (2014) 
discuss  many  ideas  around  the  Neolithic  in  different  parts  of  the 
world  have  been  strongly  influenced  by  our  understanding  of  Eu¬ 
ropean  prehistory  and  tend  to  be  seen  ‘through  the  lens  of  a 
Eurocentric  group  of  concepts  and  assumptions’. 

Jin  et  al.  (2014)  discuss  the  significance  of  8000  year-old  rice 
remains  from  Xihe  in  the  Shandong  Highlands,  eastern  China. 
Systematic  sieving  and  sampling  of  plant  and  animal  remains  on 
site  showed  that  the  occupants  relied  on  fishing,  hunting  and 
gathering  for  their  subsistence.  However,  rice  remains  dominated 
the  archaeobotanical  remains  from  the  site,  providing  important 
evidence  for  Neolithic  usage  of  rice  in  eastern  Asia  at  this  time. 
These  remains  are  located  significantly  far  beyond  the  geographic 
area  traditionally  known  for  the  origins  of  rice  cultivation  but  it  is 


unclear  whether  the  rice  was  wild,  cultivated  or  domesticated, 
based  on  morphology,  as  there  were  no  spikelet  remains,  which  are 
the  most  secure  means  of  identifying  domesticated  grains.  The  site 
is  outside  the  known  modern  catchment  area  for  wild  rice. 
Although  it  is  possible  that  in  the  past  wild  rice  might  have 
extended  into  other  areas,  there  is  no  palaeoecological  evidence  to 
support  such  an  assumption.  The  recovery  of  rice  from  Xihe  thus 
represents  a  significant  finding  in  terms  of  our  understanding  of 
early  rice  exploitation  in  China  and  emphasises  the  importance  of 
rice  as  a  food  source  in  this  region  dating  back  8000  years,  along¬ 
side  fishing,  hunting  and  gathering. 

The  theme  of  rice  cultivation  continues  with  the  contribution  by 
Weisskopf  et  al.  (2014).  Their  paper  focuses  on  using  modern 
analogue  phytolith  assemblages  of  associated  crop  weeds  from 
Indian  rice  stands  to  develop  a  tool  to  differentiate  between  three 
types  of  cultivation  systems  with  different  ecological  traits.  The 
results  of  samples  from  modern  fields  demonstrate  that  phytolith 
assemblages  show  a  positive  correlation  with  different  rice  culti¬ 
vation  regimes,  with  wetness  conditions  being  an  important 
driving  factor.  The  use  of  this  approach  is  demonstrated  for 
Neolithic  sites  in  China  and  India.  Differentiation  of  archaeological 
regions  and  periods  can  be  separated  through  identification  of  a) 
wetland  cultivation  systems  b)  dry  millet-dominated  cultivation 
systems,  in  particular  in  North  China,  and  c)  rainfed/dry  rice 
cultivation  in  Neolithic  India. 

Differences  in  agricultural  approaches  are  explored  within  the 
contribution  by  Hunt  and  Rabbett  (2014)  who  question  whether 
the  concept  of  a  ‘Neolithisation’  is  appropriate  for  areas  of  mainland 
and  island  SE  Asia.  The  authors  argue  that  this  concept  has  been 
driven  by  European-influenced  Neolithic  models,  which  suggest 
that  a  diaspora  of  rice-growing  agriculturalists  from  Taiwan  some 
-4200  years  ago  was  responsible  for  the  spread  of  farming  in  this 
region  (known  as  the  ‘Austronesian  Hypothesis';  Bellwood,  2005; 
Spriggs,  2011).  Instead,  they  suggest  that  other  models  should 
considered,  including  indigenous  inception  of  plant  food  produc¬ 
tion  and  exchange  of  plants,  animals,  technology  and  people  as  the 
prime  mechanisms  associated  with  the  development  of  early 
agriculture  in  this  region.  The  authors  review  the  evidence  for 
widespread  forest  disturbance  during  the  Early  Holocene  and 
conclude  that  incipient  and  developing  management  of  the  rain¬ 
forest  vegetation  for  the  production  of  food  plants  is  observable  in 
records  from  the  early  Holocene  in  Borneo.  This  is  evident  from 
plant  biomass  burning  records,  pollen  evidence  for  disturbance, 
pollen  of  sago  palm  and  rice  phytoliths  that  persist  for  several 
thousand  years  at  Loagan  Bunut,  implying  a  long-lived  and  stable 
system  of  land  management  for  food  production  (Hunt  and 
Rabbett,  2014).  These  practices  differ  to  the  plant  food  production 
systems  (e.g.  rice  cultivation)  developing  in  other  more  temperate 
regions  of  Asia  and  did  not  replace  hunting  and  gathering  practices, 
but  rather  accompanied  them.  Hunt  and  Rabbett  (2014)  argue  that 
these  food  production  relationships  were  often  complex,  locally 
contingent  and  did  not  result  in  the  development  of  agricultural 
systems  that  would  be  in  any  way  recognisable  to  early  European 
contacts.  They  question  whether  the  current  ‘Austronesian  Hy¬ 
pothesis’  is  hugely  relevant  for  this  region  and  that  the  Eurocentric 
view  of  agriculture,  based  on  a  limited  set  of  crops  and  animal 
domesticates,  is  clearly  inappropriate  for  these  tropical  regions. 
Moreover,  it  is  clear  that  human  activities  have  played  a  key  role  in 
determining  the  current  diversity  and  complexity  of  these  tropical 
ecosystems.  It's  often  assumed  that  tropical  rainforest  is  the 
product  of  natural  ecological,  climatic  and  biogeographic  processes 
and  that  people  living  in  rainforest  areas  caused  little  change  to 
vegetation.  Hunt  and  Rabbett  (2014)  argue  that  this  conception  is 
flawed  and  even  suggest  that  tropical  forests  are,  to  some  extent,  a 
cultural  artifact. 
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An  excellent  example  of  whether  some  tropical  forests  have 
been  culturally  determined  can  be  seen  in  the  Amazon,  which  has 
been  the  focus  of  debate  about  human  manipulation  of  tropical 
environments  (Denevan,  2003;  Willis  and  Birks,  2006;  McMichael 
et  al.,  2014;  Carson  et  al„  2014).  Mayle  and  Iriante  (2014)  discuss 
the  advantages  of  an  integrated  palaeoecological  and  archaeolog¬ 
ical  approach  for  understanding  pre-Columbian  tropical  ecosys¬ 
tems  in  Amazonia.  They  provide  evidence  to  show  that  the  scale  of 
human  impact  on  these  tropical  ecosystems  was  significant  and 
discuss  data  showing  how  societies  actively  transformed  the 
Amazonian  landscape,  over  an  extensive  geographical  scale.  The 
scale  of  activities  and  the  levels  of  cultural  complexity  are  now 
being  revealed  via  diverse  archaeological  records  (e.g.  ‘terra  preta’ 
soils,  raised  fields,  large  habitation  mounds,  megalithic  monu¬ 
ments).  Moreover,  it  is  clear  that  the  tropical  forest  biodiversity  in 
these  systems  may  be  the  product  of  centuries  or  millennia  of 
human  activities  (e.g.  Schaan,  2012).  This  has  major  implications  in 
terms  of  our  understanding  of  the  biodiversity  and  ecosystem 
functioning  of  the  Amazon,  whether  these  systems  are  susceptible 
or  resilient  to  anthropogenic  disturbance  and  what  the  long-term 
consequences  of  human  impact  activities  may  be  on  these  eco¬ 
systems.  Mayle  and  Iriante  (2014)  stress  that  there  remains 
considerable  uncertainty  over  the  chronology  of  the  archaeological 
cultures,  their  subsistence  practises  and  the  scale  of  land  usage  and 
how  far  these  map  onto  palaeoecological  records  of  disturbance. 
Careful  pairing  of  these  records  can  provide  a  valuable  tool  for 
investigating  how  cultural  activities  have  shaped  the  modern 
landscape  and  can  offer  important  lessons  for  sustainable  practices 
that  have  much  relevance  for  similar  seasonally-flooded  savannah 
landscapes  today. 

The  theme  of  sustainable  agriculture  continues  in  the  paper  by 
Marchant  and  Lane  (2014).  These  authors  discuss  how  East  African 
ecosystems  are  shaped  by  long-term  socio-ecological  interactions, 
within  the  context  of  a  dynamic  climate  regime  and  increasing 
human  impacts.  They  stress  how,  historically,  there  have  been 
strong  and  beneficial  connections  between  people  and  ecosystems 
in  this  region.  This  is  because  societies  have  evolved  and  developed 
under  continual  climate  change  and,  as  a  result,  there  is  often  an  in¬ 
built  societal  resilience  to  climate  change,  offering  important  in¬ 
sights  around  ecosystem  responses  to  climate  change. 

6.  Conclusions 

The  contributions  in  this  volume  indicate  that  research  into  the 
origins  and  development  of  agriculture  is  a  flourishing  area  of 
archaeological  science.  They  show  two  major  developments  in  the 
state  of  the  art  for  research  in  Neolithic  archaeology:  i)  refinement 
of  knowledge  derived  from  truly  interdisciplinary  detailed  case 
studies,  accompanied  by  a  refinement  of  existing  methods  and 
the  development  and  application  of  new  techniques;  ii)  new 
approaches  that  facilitate  the  analysis  of  data  on  a  regional  to 
continental  scale.  In  particular,  increasing  emphases  upon  truly 
interdisciplinary  projects  are  yielding  considerable  understanding 
of  the  process  of  Neolithisation.  In  particular,  several  contributions 
in  this  volume  (e.g.  Feeser  and  Furholt,  2014;  Mayle  and  Iriante, 
2014;  Woodbridge  et  al.,  2014b)  reveal  the  advantages  of  exam¬ 
ining  diverse  lines  of  evidence  alongside  each  other.  This  is  part  of  a 
wider  trend  of  synthesis  currently  occurring  across  several  major 
Neolithic  European  projects  (e.g.  EUROEVOL,  Shennan  et  al.,  2013; 
Manning  et  al.  2013;  AGRIWESTMED,  Pena-Chocarro  et  al.,  2013; 
The  Domestication  of  Europe  Project,  Jones  et  al.,  2013a;  SPP1400: 
Early  Monumentality  and  Social  Differentiation,  Muller,  2011a, 
2011b;  Muller  et  al.,  2013;  ‘Cultivating  Societies’  Project, 
McClatchie  et  al.,  2014;  Whitehouse  et  al.,  2014;  ‘Deforesting 
Europe’  project,  Woodbridge  et  al.,  2014a,  2014b). 


Many  previous  accounts  concerning  the  origins  and  develop¬ 
ment  of  agro-pastoralism  have  emphasised  the  role  of  environ¬ 
mental  or  social  change.  The  main  challenge,  of  course,  is  obtaining 
suitable,  sufficient,  high  quality  data  to  test  for  correlations.  The 
timing  of  cultural  and  environmental  events  is  obviously  crucial, 
but  often  the  precision  of  many  chronologies  is  insufficient  for 
examining  questions  at  the  human-scale.  This  situation  has 
changed  in  recent  years  through  the  use  of  Bayesian  approaches  to 
chronology  (Buck  et  al.  1996;  Bronk  Ramsey,  2009),  both  in 
archaeological  (e.g.  Bayliss  and  Whittle,  2007;  Whittle  et  al.  2011) 
and  palaeoecological  contexts  (e.g.  Blaauw  et  al.  2007).  Advances  in 
the  development  of  spatio-temporal  models  and  simulations 
currently  enable  the  examination  of  sophisticated  questions  con¬ 
cerning  the  temporality  and  regionality  of  agricultural  traditions 
and  the  role  of  migration  and  acculturation.  The  strong  integration 
of  archaeological  and  palaeoecological  chronological  approaches 
(Sorensen  and  Karg,  2014;  Farrell  et  al.,  2014;  cf.  Kirleis  and  Fischer, 
2014)  are  a  welcome  development  and  signals  an  interdisciplinary 
approach  that  characterises  an  archaeological  science  that  has 
achieved  a  maturity  and  criticality  that  was  perhaps  less  evident 
even  5—10  years  or  so  ago.  Moreover,  these  strongly  chronological 
approaches  are  facilitating  significant  knowledge  advancement, 
and  a  growing  appreciation  for  examining  the  archaeology  of 
longer  time-spans  and  wider  geographic  regions  with  the  view  to 
providing  larger,  integrated  narratives.  Such  work  is  revealing  that 
much  research  emphasis  has  been  placed  on  the  early  stage  of  the 
transition  to  Neolithic  agriculture,  sometimes  to  the  expense  of  a 
longer-term  perspective  (e.g.  Whitehouse  et  al.,  2014).  Yet  an  un¬ 
derstanding  of  longer  periods  has  significant  insights  to  bear  upon 
how  societies  moved  to  an  agricultural  existence  of  surplus,  this 
being  a  first  critical  step  in  the  development  of  complex  societies  in 
later  prehistory. 

Longer  narratives  are  also  generating  considerable  interest  from 
scholars  in  other  fields,  particularly  environmental  scientists  and 
ecologists,  who,  in  recent  years  have  become  increasingly  con¬ 
cerned  with  Earth  System  Science.  Thus,  human  activities  over  the 
last  10,000  years  have  led  to  land-use  transformations  that  have 
driven  major  ecosystem  changes  such  as  deforestation,  loss  of 
ecosystem  function  and  diversity,  species  decline  and  extinctions, 
increased  soil  runoff  and  localised  flooding  (e.g.  Dreibrodt  et  al., 
2010).  This  is  especially  the  case  since  the  advent  of  agriculture. 
Although  many  scientists  are  now  appreciating  the  importance  of 
human  impacts  on  the  Holocene  landscape  and  its  concurrent  roles 
in  shaping  today’s  landscapes  and  its  influence  on  the  climate 
system,  we  have  a  very  incomplete  picture  in  terms  of  the  in¬ 
tensities  and  rates  at  which  landscapes  underwent  changes,  the 
levels  of  human  pressures  on  the  landscape,  how  these  varied 
across  time  and  space,  and  the  roles  of  humans  and  natural  pro¬ 
cesses  in  reshaping  our  landscapes  and  ecosystems.  For  instance, 
human— environment  interaction  research  has  significant  scientific 
value  to  studies  that  are  concerned  with  land-use  change  and  their 
relationship  to  Holocene  carbon  emissions  (e.g.  Kaplan  et  al.,  2009, 
2010).  Answering  these  types  of  research  questions  will  require 
greater  efforts  integrating  the  varied  lines  of  archaeological, 
ecological  and  geographical  evidence  together,  and  are  likely  to 
yield  significant  scientific  data  of  wide  interest  to  the  community. 
Environmental  archaeologists,  therefore,  have  a  prime  opportunity 
to  engage  with  these  debates  and  make  important  contributions  to 
issues  of  significant  modern  societal  relevance. 

One  theme  that  emerges  from  many  of  the  papers  concerns  the 
maintenance  of  the  agricultural  system  under  uncertain  conditions. 
It  is  clear  that  crop  diversity  during  the  European  Neolithic  was  a 
key  element  in  reducing  risk  and  uncertainty  in  crop  production 
and  maintaining  a  sustainable  agricultural  system  (cf.  Marinova, 
2014).  This  is  also  obvious  from  several  contributions  from  other 
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parts  of  the  world,  notably  areas  such  as  SE  Asia  (Hunt  and  Rabbett, 
2014),  where  the  use  of  a  variety  of  plant  foods  may  have  been 
associated  with  risk  reduction  and  creating  sustainable  land  man¬ 
agement  systems.  The  persistence  of  the  use  of  wild  taxa  in  many 
regions  of  Europe  is  interesting  in  this  context  and  suggests  that 
insights  from  other  regions  of  the  world  can  provide  alternative 
explanations  for  the  use  of  wild  resources  in  areas  that  are  rela¬ 
tively  well-studied,  such  as  Europe.  Wild  species  are  evident  within 
many  plant  assemblages,  especially  within  Britain  and  Ireland,  but 
also  elsewhere  in  central  Europe  (Bishop  et  al.,  2009;  Kirleis  et  al., 
2012;  Roehrs  et  al.,  2013;  McClatchie  et  al.,  2014).  However,  the 
importance  and  persistence  of  wild  animals  is  also  becoming 
apparent.  Schibler  and  Jacomet  (2010)  show  that  wild  animals  were 
are  an  important  food  source  in  Alpine  areas  during  periods  of 
climatic  uncertainty,  whilst  Manning  et  al.  (2013)  argue  that  there 
are  higher  values  of  terrestrial  wild  animals  in  central  Europe 
during  the  early  stages  of  the  LBK.  There  are  geographic  patterns  to 
the  exploitation  of  wild  animals,  with  greater  representation  of 
wild  species  —  dominated  by  hares  and  rabbit  —  at  central  and 
south-west  Mediterranean  sites,  but  especially  so  in  south-eastern 
France  (Manning  et  al.,  2013).  Why  this  should  be  the  case  is  less 
clear  but  it  would  be  interesting  to  explore  these  patterns  in  as¬ 
sociation  with  pollen  and  archaeobotanical  records.  In  marginal 
areas  across  Atlantic  Europe  the  first  farming  communities 
continued  to  diversify  their  food  sources,  especially  during  periods 
of  resource  shortages.  In  Neolithic  Shetland,  for  instance,  isotopic 
analysis  of  juvenile  dentine  indicates  that  marine  foods  were 
consumed  on  an  occasional  basis,  perhaps  forming  supplementary 
resources  during  times  of  scarcity  and  when  crops  failed  to  yield 
good  harvests  (Montgomery  et  al.,  2013).  It  is  clear  that  early  ag¬ 
riculturalists  made  use  of  a  variety  of  food  resources,  alongside 
domesticated  plants  and  animals  —  perhaps  as  a  deliberate  strategy 
to  manage  risk  and  periods  of  uncertainty. 

In  common  with  areas  of  SE  Asia  and  New  Guinea,  it  is  also 
obvious  that  Neolithic  groups  in  Europe  were  active  agents  in 
developing  domesticated  varieties  and  were  not  just  passive 
‘receivers'  of  these.  This  is  shown  most  clearly  by  recent  genetic 
work  that  shows  that  several  distinct  lineages  of  some  domes¬ 
ticated  animals  were  developed  in  Europe,  including  cows  and 
pigs.  Schibler  et  al.  (2014)  report  on  archaeozoological  and 
ancient  genetic  evidence  for  wild  auroch  being  incorporated  into 
a  domestic  cattle  herd  from  a  Neolithic  lake-dwelling  in 
Switzerland.  In  the  case  of  pig,  genetic  work  indicates  that  Eu¬ 
ropean  local  wild  boar  types  went  on  to  become  the  dominant 
haplotype  in  prehistoric  Europe,  replacing  animals  from  the  Near 
East  that  had  travelled  to  Europe  during  the  early  Neolithic 
(Larson  et  al.,  2007).  This  should  not  come  as  a  surprise,  since 
hunter-gatherers  were  skillful  harvesters  and  processors  of  wild 
grasses,  plants  and  animals  well  before  the  advent  of  domesti¬ 
cation  (e.g.  Aranguren  et  al„  2007;  Nadel  et  al.,  2012;  Willcox  and 
Stordeur,  2012)  and  in  some  cases  clearly  managed  animals  —  for 
example,  wild  boar  —  in  the  pre-Neolithic  period  (e.g.  Vigne  et  al., 
2009).  These  examples  serve  to  emphasise  that  the  continuing 
dichotomy  between  labelling  groups  ‘agriculturalists’  or  ‘hunter- 
gatherers’  is  unhelpful  (cf.  Harris,  1989),  obscures  many  aspects 
of  a  continuum  of  complex  human  behaviour  around  the  emer¬ 
gence  of  agriculture  and  builds  up  inherent  assumptions  that 
come  with  such  labels. 

Finally,  environmental  archaeology  has  an  opportunity  to  help 
guide  our  understanding  of  sustainable  and  resilient  agriculture,  in 
diverse  areas  of  the  world.  As  Gillson  and  Marchant  (2014)  point 
out,  we  have  at  our  disposal  historical  archives,  archaeological  and 
palaeoecological  records  to  help  us  understand  the  natural  range  of 
variability,  and  the  resilience  of  socio-ecological  activities  to  past 
changes  in  climate,  disturbance,  and  land  use.  These,  combined 


with  an  archaeological  understanding  of  social  interaction  in  the 
past  may  serve  as  a  strong  tool  to  approach  some  of  the  most 
pressing  problems  in  our  modern,  warming  world,  like  food  secu¬ 
rity  and  human  adaptation  to  climate  change  (IPCC  report,  2013). 
Archaeologists  have  much  to  contribute  to  these  issues,  using  their 
knowledge  from  the  past,  to  help  manage  and  contribute  solutions 
towards  how  we  address  these  problems,  both  in  the  present  and 
the  future. 
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